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A chitosan polymer having a specific degree of 
acety lat ion. 



Field of the invention 
10 The present invention relates to a new pharmaceutical 
formulation comprising a chitosan polymer having a 
specific degree of acetylation and a specific molecular 
weight, the chitosan polymer per se, and the use of the 
chitosan polymer. 

15 

Background of the invention 

Chitin and its derivatives have long been known to have 
numerous potential beneficial uses, such as for example 
food ingredient or water purification aid {Chitin and 

20 chitosan, Eds.: G. Skjak-Braek, T. Anthonsen and P. 

Sandford, Elsevier, Amsterdam, 1989) . Chitin is found 
abundantly in nature in for instance crab and shrimp 
shells, insects, and mushrooms. The primary units in 
chitin are 2-deoxy-2-acetylamino glucose units which 

25 are combined by (1,4) glycosidic linkages into a linear 
polymer. N-deacetylation of chitin results in chitosan, 
a high molecular weight cat ionic polysaccharide. The 
degree of N-acetylation is an important characteristic 
of chitosan, as it determines the positive charge of 

30 the molecule and its polarity. Chitosan may be 

manufactured with different degrees of acetylation as 
well as molecular weight (Anthonsen et al., 
Carbohydrate Polymers, 22, 1993, pp 193-201). 

35 Chitosans are considered biocompatible macromolecules 
due to assumed low toxicity and biodegradability . They 
are degraded by lysozymes and related enzymes, such as 
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N-acetyl-D-glucoWnidases. The lysozvnuc 

dx g es tibility of/the poller increa S es" with the degree 
of N - acet latlon int _ a Bio ^ 9 ree 

5 1 9 Z 8 '' ; B ° UrbOU2e 6t Cli - Chi.. Acta 

»9 ,1991, pp 185 - 194) . Their biocompatibUi tS ' 

M C DS ' e " 9 ' ^ JP 0509295 A; N i3h imU ra et al 

Mol. Biother., 2,. 1990, pp 115 - 120; Segal ^ ' a1 "' 

Mycopathologia, 102, 1988, pp 157 ,« V ! 
D ,1 , /=l . ' pp 157 -163; Nishimura et 

al., Vaccine, 2, 1984. pp 93.99. MHa ^ . 

useful as sustained or controlled release carriers for 

used' 11 !/" 6 "' ° S °" * A2U - « »1 chiton are 

such " I"" 6 " £ ° r ^°lo 9 ically active substance" 
sldwlv a f"^«» «* testosterone, with the ai» to 
Slowly release these substances free, the carrier and 
the th obCain COMtant therapeuMc (bue »*-- 

of tie c C : n r ati0n ° f thS ^ W « - «*— P^ • od 
»1 a«^arri:r S Ch " C ° UW * « ~* 

acejiatLncr ri hav r a degree ° £ n - 

to 23000 a molecular weight of 10000 

~~ r"; nt^r:::;^" 86 °* chitosa - s -~ 

eigne U25.000) and intermediate deorees of 
acetyla tl on ,10-34,, as carriers for the oral 

*bsorp tl o„ of i„do„ethaci„. These chitosans increases 
the „ vrtro dlssolutio „ Qf th# ^ «ses 

* solut.on of the poorly water soluble indoJtt i„ is 
rate lima ting for -it-*: .-.t-^i w s 

dissolution results La rPtl0 °' °" '""'^ 

the drug. f ">«•"•<» °™1 absorption of 

Chitosans have been found to have »ucoadhesive 
Propert.es. and due fb their close contact with the 
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mucosal epithelium may prove useful in delivery of 
drugs to mucosal absorption sites such as the small 
intestine or colon and rectal mucosa (EP 514008-A1; 
Lehr et al., Int. J. Pharm. , 78, 1992, pp 43-48). 

5 

For various hydrophilic drugs such as several 
antibiotics, peptides and proteins the solubility of 
the drugs is not rate limiting in the absorption 
process. Many of these compounds, however, are poorly 

10 absorbed following oral administration due to extensive 
enzymatic degradation arid poor epithelial permeability. 
In order to overcome the physical barriers that hinder 
drug absorption it is often inevitable to coadminister 
so called absorption enhancers. Absorption enhancers as 

15 used in the present patent application refer to 
compounds that increase drug absorption by an 
interaction, between the mentioned compound and the 
mucosal epithelium. They do not include compounds that 
increase drug absorption by an interaction with the 

20 drug itself. Numerous classes of compounds have been 
described that improve the inteistinal absorption of 
hydrophilic and high molecular weight compounds. Such 
absorption enhancing compounds include surfactants, 
bile salts, chelating agents, and fatty acids. (Lee et 

25 al., Crit. Rev. Therapeut . Drug Carrier Syst., 8, 1991, 
pp 91-192). A major concern, however, related to the 
use of many of such absorption enhancing agents is 
potential adverse effects on epithelial integrity, 
morphology, and function (Swenson and Curatolo, Adv. 

30 Drug Delivery Rev., 8, 1992, pp 39-92). Moreover, the 

delivery of an effective amount of enhancer and drug at 
the site of absorption to get reproducable dosing is 
necessary, but difficult to achieve. In addition, the 
onset of action of the enhancer and the duration of its 

35 activity should coincide with the presence of the drug 
at the absorption site and the time necessary for its 
uptake (De Boer and Breimer, In Drug absorption 
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enhance™,:. Eds., De Boer. Harwood Ac. Publ.. chu^ 
»»«. PP 255-175,. compounds with optimal absocpti ;„ 
enhancement characteristic,, thus should have a strong 

actio °" ! Pithelial « early onset of 

action, and a low toxicity. 

Recently, chitosans have been investigated as potential 
enhance compounds to aid in the absorp io„ 
of hydrophUic. and high molecular weight drugs across 
-cosal tissues. Chitosans have been found t 7L a n« 
lot T of insulin, a small model 

peptide, and a hydrophUic model marker molecule In a 
Published patent application by mum « al ^ * 
<«° 90097SO-A, , it is described that the chitosans 
Seacure and Seacure. improve the absorption of insulin 

extent, ». concentration of the chitosan used in these 
studies „ 0.! to 0.5% ,w/v,. Seacure. is stated to be 
a water soluble chitosan glutamate with either \ low 

The aT " M inter " edi " e v »-sity ( Seacure-U0, 
The degree of acetylation or the molecular weight of 
the chitosan are not clearly stated. Effective 
Polymers, however, are stated to be chitosans in a 
molecular weight range of 10.000 to 500,000. 

useVtTstT S ° 1UMe Chit ° San ' SMCUr ~ 2 »> h - oeen 
used to study chitosan effects on Caco-2 cell 

monolayers (Artursson et al., Pharm. Res.. 1994 li 

ot» 3 lte 3 t"It CaC °- 2 " ' ^ int ""- — 
int.., , C<: "™" 0 " ly USed aS " " Kdel £ or human 

intestinal epithelium. The Seacure, chitosan increases 
the permeability of the epithelium 5 to 10 fold as 
measured by the transport of a model hydrophUic 
compound across the epithelium. Seacure* ia used at 
concentration from 0.1 to 0.5, «w/v, and the p„ of the 
solutions ranges from 4.0 to 6.0. 
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Intermediate viscosity Seacure +210 has in another 
study (Rentel et al., Proc. Intern. Syrup. Control. Rel . 
Bioact. Mater., 20, 1993, pp 446-447) been found to 
improve the transport of a small peptide across 
5 intestinal tissue in vitro. In the same study a 

different chitosan was also tested. This chitosan, 
Daichitosan VH (DA=15-20%; Mw=500000-800000) showed 
similar improvement of transport of the small peptide 
across intestinal mucosa at a concentration of 1% 
10 (w/v) . 



Although all the presented studies show inprovement of 
mucosal epithelial permeability in the nose as well as 
in the intestinal tract in several animal species, 
including sheep and rat as effectuated by chitosans at 
different concentrations (0.1-2% (w/v)) and at 
different pH values, they do not elucidate the 
influence of the two important characteristics of 
chitosans on the absorption enhancing effect, namely 
the degree of acetylation and the molecular weight. In 
fact in the described papers none of the parameters are 
very well specified. 

Brief de scription of the invention 

According to the present invention it has unexpectedly 
been found that intermediate but not high degrees of 
acetylation, i.e. a degree of acetylation of between 20 
and 45%, and a high molecular weight, i.e. a molecular 
weight of above 75,000, of chitosans are necessary for 
increasing epithelial permeability, to achieve an early 
onset of absorption enhancement, and a low toxicity of 
the enhancer. 



Detaile d description of the invention 
Studying the transport of the marker molecule, 
mannitol, as a model for hydrophilic drugs (Anderberg 
et al., Pharm. Res., 10, 1993, pp 857-864), and the 
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cardiovascular drug, atenolol, across Caco-2 cell 
monolayers it was found that chitosans with a low to 
intermediate degree of acetylation and/or a large 
_ molecular weight are necessary in order to enhance 
> Permeability. That is, chitosans with a degree of 
. acetylation of 1% (DA=1%) and either fl ^ molecular 
weight (Mw=31000) or a large molecular weight 
(Mw=170000) have a strong concentration dependent 
effect on mannitol transport. At concentrations as low 
as 50 ng/nd (0.005% (w/v, , they both increase mannitol 
transport 10- to 15-fold. At a concentration of 250 
fig/ml the increase in permeability is 50-fold. 
Chitosans with an intermediate (DA=35%) or high degree 
of acetylation <DA=49%) and a large molecular weight 
(Mw*l70000 and 98000, respectively) also improve 
mannitol transport. Concentrations of 50 and 250 ug/ml 
respectively (0.005 and 0.025% (w/v)) are necessary to 
achieve a 10 to 15 fold increase in mannitol 
permeability of the Caco-2 cell monolayers. The 
increase in mannitol permeability of the latter 
chitosans does not have such a steep 
concentration/effect relation as is observed for the 
former chitosans with a low degree of acetylation 
(DA=1%). on the other hand, chitosans with an 
intermediate or a high degree of acetylation and a 
small molecular weight (chitosan (DA=35%, Mw=5300) 
chitsoan (DA=35%, Mw=12000), chitosan (DA=49%, 
Mw=22O0O), do not have an effect on mannitol transport 
at all. Concentrations upto 250 .jig/ml (0.025% (w/v)) do 
not change the permeability of mannitol across Caco-2 
cell monolayers significantly. 

Although at a concentration of 50 ug/ml chitosans with 
a degree of acetylation of 1% and a molecular weight of 
31000 and 170000, and chitosans with a degree of 
acetylation of 35% and a molecular weight of 170000 
and at .a concentration of 250 ug/ml chitosan with a' 
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degree of acetylation of 49% and Mw of 98000 all show 
similar enhancement of mannitol permeability across 
Caco-2 cell monolayers, their adverse effects on 
epithelial cells are surprisingly very different. In a 
5 toxicity assay which measures intracellular 

dehydrogenase activity and is based on the observation 
that injured cells display a reduced dehydrogenase 
metabolism, a much stronger toxicity was observed for 
chitosans with a low degree of acetylation (DA=1%, 
10 Mw=31000 or 170000), than for chitosans with an 

intermediate and high degree of acetylation and a large 
molecular weight (chitosan (DA=35%, Mw=170000), 
chitosan (DA=49%, Mw=98000) . These findings were 
confirmed by visualisation of the adverse effects of 
15 chitosans on epithelial Caco-2 cell monolayers with 

transmission electron microscopy, which showed that the 
morphological changes following exposure to chitosans 
with intermediate and high degree of acetylation and 
high molecular weight (chitosan DA=35%, Mw=r70000; 
20 chitosan DA=49%, Mw=98000) were small, while clear 

changes were observed following exposure to chitosan 
with a degree of acetylation of only 1%. These changes 
involved dicontinuities and reduced number of 
microvilli, and a disorganized terminal web. 

25 

In addition, the onset of action of increased 
epithelial permeability is much quicker for a chitosan 
with intermediate degree of acetylation (35%) and large 
• molecular weight (170000), than for chitosan with a low 
3 0 degree of acetylation and small or large molecular 
weight (DA=1%, Mw=31000 or 170000) . This gives the 
former chitosan more controllable and reliable 
absorption enhancing characteristics. 

3 5 In contrast to the findings of Imai et al. (Int. J. 

Pharm., 67, 1991, pp 11-20) who found that chitosans 
with low molecular weight were necessary to increase 
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The invention provides * 

adnanistration, particulars e mucosal 

*iiv*». o£ t Jap.utl c^iTlt 0 ' rectal 

cter.st.cs as ,„ absorption enhancing ag ent . 
chitosans with * «**»cics. that is 

-^n. sue a c„ itC s j ::; 1 r a :i e r s ' onset ° f 

invention neve a degree of aCCOrdln 9 <° "» Present 

- and Pr . £ x :: t :::: y ;? ; bet — « 

Secular weight shouXd be 000 """" "* 

Preferably between about 75 000 an ' ' " 

p^^i; rr in=iude ~-. 

™>y be used with dr u « * . 9 C ° the invention 

list. rU9S fr0m the snowing non-exlusive 

— 

■^rane; per»eabili cy and biovailabiHty 
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which are absorbed mainly via the paracellular route 
such as; 

- Blood pressure lowering agent such as hydrophilic 
5 ACE-inhibitors and p-blockers 

- Ant i -coagulation agents such as thrombin inhibitors 
heparin and low molecular weight heparin 

10 - Antidiuretic drugs and vasopressin analogs such as 
DDAVP, AVP, etc, 

- Peptide hormones such as insulin, calcitonin, growth 
hormone, PTH 

15 

- Antibiotics such as penicillin and penicillin 
derivatives, tetracycline, and macrolides 

- Steroidal anti- inflammatory agents such as 
2 0 beclomethasome and budesonide 

- Non-steriodal anti-inflammatory agents such as 
diclofenac, indomethacin, ibuprofen, naproxen 

25 - Coagulation factors such as Factor VIII 

- Vaccines and antigens such as polio vaccine 

- Anti-viral drugs such as Foscarnet 

30 

- Compounds effecting bone metabolism such as 
clodronate and other bisf osf onates 

- Analgesics such as opioid peptides, dextropropoxif ene 
35 and pentazocine 

- Local anesthetics with antiinflammatory properties 
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such as lidocaine, bupivacaine and 



ropivacaine 



15 



20 



bu P L ^ a c,r n T ch r ics with anaiae "= «p-»i« -oh as 

oupivamns and ropivacaine 

- Immunomodifiers such as Cyclosporin A 

- Anti-allergic drugs such as sodium cromoglycate 
The pharmaceutical formulations according to the 

IclTZ in P " CtiCe C °" tain ' ""-"logically 

actrve amount o£ therapeutic agent. As regards the 

" of chitosan the formulation win contain an 
amount thereof that enhances the absorption o the 

sea e\ h Tr HereC °- " «" - pessary to 

scale the dose of absorption enhancer from in-vitro 
cell culture studies and animal experiments to Z 

therapeutrc situation in man . Such a dose scaling win 
be conmon £or anyone skiUed ^ ^ ^ J 

amounts of 5 M/d ose to 1000 mg /d ose are possible 
Amounts of 50 M g to 500 mg/dose are preferable. 

in the"^'' ° th ' r . dancers may be included 

such e H anMCeUtlCal formulations of the invention 
Such enhancers can be inhibitors of enrymatic 
degration. in orde r to reduce the amount of drug that 

-fore absorption. ^ inhibl ' 0 r, 
used to stabilUe drugs in mucosa! epihelia and the 
gastroxntestinal lumen include bile salts, bacitracin 
amrnoboronic acid derivatives, hestatin. 
soybean trypsin .nhihitor. and aprotin (Muranishi and 
yamamoto. In Omg absorption enhancement. E ds. : Oe 
Boer. HarwoodAc. Publ . . Chur. 1 994 . pp.67-100, . 

Formulations su.table for the delivery of the drugs to 
the small lntes tine or colon can utilize coated sol.d 
dosage forms or enteric system., which will loose their 
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coating on arrival in the small intestine due to 
dissolution of the coating polymers at the local pH 
conditions. Colon specific delivery systems may involve 
polymer coatings that typically are. degraded by the 
5 colonic bacterial flora. Upon degradation of. the 

coating these delivery systems will release drug and 
additives .Upon degradation of the coating, these 
delivery systems will release drug and additive 
(Friend, Advanced Drug Delivery Reviews, 7, 1991, 

10 pp 149-201) Such polymer coatings may for instance 
comprise azopolymers (Saffran et al., Science, 233, 
1986, pp 1081-1084), and polysaccharides such as 
calcium pectinate (Rubinstein, Pharm. Res., 10, 1993, 
pp 258-265) . 

15 ■ 

Alternatively, a time dependent colon drug delivery 
system can be used. 

Naturally, the formulations according to the invention 
20 may also contain one or more additives conventionally 
used in mucosal drug delivery, such as preservatives, 
stabilizers, inert excipients, etc. Agents suitable for 
these and other purposes are known to anyone skilled in 
the art of mucosal drug delivery. 

25 

Preparation of formulations 

The chitosan and therapeutic active agent containing 
formulation may be prepared in a buffered saline 
solution at a neutral pH, i.e. pH 6.5-7.5. A lower pH 

30 may be used for easier dissolvation of the chitosan by 
addition of HC1 to the afore-mentioned buffer or a 
different buffer system. The person skilled in the art 
will be able to determine the optimal pH which may be 
between 1.0 and 11.0 and preferably between 4.0 and 

35 7.5. 
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The ch«osa„ and therapeutic agent fraulation 
Prepared „ any £oms suiCaWe £or 

sue as oral or recta! delivery, such as tablets 7.'. 
immediate release t-*m«*- . ie-g. 

5 extendi T ' 6nteric COated Ablets, 

extended release tablets), gelatine capsules 

suppositories, microspheres, gels, solutions,' 
suspensions, etc. 

The invention will now be illustrated but not limited 
° by the following examples. ± united 

.Example L Tov^j.y nf ,„„ >n . ag 
deja^aenasg activj^ ...^ j 

Pre^ration nf cjutojan nith diff 

yeiqht and dear*,* ,-vf ..citvfaK^ 

p T ^orm e L arati0n , and CharaCteri2ati - * chitons was 
performed accordxng to procedures described in 

\\" P °^rs, 22, 1W3 . pp 

table 1.' %e Chlt ° SanS USSd * example are given in 



IZll" Chit ° San SainpleS US6d for structure-effect 



studies . 
Chitosan 



1 
2 
3 

4 

5 

6 



Degree of 

acetylation 
(%) 



1 
1 
35 
35 
35 
49 



Molecular 
weight 



31000 
170000 

5300 
12000 
170000 
22000 
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7 



49 



98000 



8 



15 



4700 



9 



15 



190000 



5 



Prepara tion of chitosan solutions 

Chitosan solutions were prepared by dissolving them at 
concentration of 0.5 and 1.0 mg/ntl in Hank's balanced 
salt solution buffered with 25 mM 2N morpholino ethane 
sulfonic acid to a pH=5.5 (HBSS pH=5.5) . This pH value 
is comparable to the pH of the small intestine 
microclimate and facilitates the dissolutions of the 
chitosans. HBSS is a buffer commonly used in cell 
culture experiments. Phosphate buffered saline (PBS) 
and similar physiological buffers could also be used as 
solvents. Chitosans were dissolved by vigorously 
shaking for 24 to 48 hours. Just prior to experiments 
the chitosan solutions were diluted to the appropriate 
concentrations with HBSS pH=5.5. 



Dehydr ogenase activity assay 

In these studies Caco-2 cells obtained from American 
Type Culture Collection, Rockville, USA, were used. 
Cells of passage number 93-105 were used throughout. 
The cells were seeded in 96-well tissue culture plates 
(Flow Laboratories, Irvine, UK) . After 24 h they were 
exposed to different concentrations of chitosans for 60 
min at 37 c in air. Subsequently, the intracellular 
dehydrogenase activity was determined by the MTT method 
as described in Anderberg et al., Pharm. Sci . , 81, 
1992, 879-887. MTT is a tetrazolium salt that is 
cleaved by mitochondrial dehydrogenases in living but 
not dead cells to give a dark blue product. Following 
addition of MTT, the cells were incubated for another 
60 min. The developed colour was measured with a 
multiwell scanning spectro photometer. The 



20 
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dehydrogenase activity was evaluated as the relative 
absorbance at 590 .run of the solutions in the 96-well 
Plate as compared <p control, the latter being 100%. 

Figure 1 shows the effect of chitosans on intracellular 
. dehydrogenase activity. The data are given as the mean 
of 3 experiments. In general, the difference between 
individual data points is less than 25%. In figure 1 
the different curves relate to ( ■ ) chitosan (DA=1% 
Mw=31000), ( f , chitosan (DA=1%, Mw=170000); ( 0 ) 
chitosan (DA.15%. Mw=4700) ; ( T , chitosan (DA=15%, 
Mw=190000); ( A ) chitosan <DA=35%, Mw=12000> ; ( ♦ ) 
chitosan (DA=35%, Mw=170000) , ( O , chitosan <DA=49% 
Mw=22000); ( o ) chitosan (DA=49%, Mw=98000); ( A , 
chitosan (DA=35%, Mw=5300> . For chitosans with a low 
degree of acetylation chitosan (DA=1%, Mw=31000>; 
chitosan <DA=1%, Mw=170000) ; chitosan (DA=15%, 
Mw=4700); and chitosan {DA=15%, Mw=190000); a'dose 
dependent effect on intracellular dehydrogenase 
activity is observed. Chitosans with an intermediate 
degree of acetylation and large molecular weight 
(chitosan (DA=35%, Mw=170000), decrease enzyme activity 
only at higher concentrations. Chitosan (DA=35% 
Mw=5300), chitosan (DA=35%, Mw=12000) , chitosan' 
CDA=49%. Mw=22000), and chitosan (DA=49%, Mw= 98000) 
do not show an effect in the concentration range 
studied. 



Example 2- Toxicity of chitosans ^ assessed h Y 0 ff Q .,. 
on epithelial r^n morphology 

Caco-2 cells were obtained from American Type Culture 
Collection, Rockville'. USA. The cells were cultivated 
on polycarbonate filters (Transwell cell culture 
inserts, Costar, Cambridge) as described by Artursson 
Pharm. Sci . , 79, 1990; 476-482. Cells of passage 93-105 
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were used throughout. The cells were used for 
experiments 21 to 35 days after seeding. After washing 
the monolayers apically with HBSS pH=5.5 and 
basolaterally with Hank's balanced salt solution 
buffered with 25 mM Hepes to pH=7.4 (HBSS pH=7.4), 
chitosans were added apically, while the basolateral 
solution was replaced with fresh HBSS pH=7.4. The 
chitosans described in example 1 were diluted from 
stock solutions as described in example 1. All 
chitosans were added at a concentration 50 Jig /ml, 
except chitosan (DA=49%, Mw=98000) which was used at 
250 fig/ml. Following exposure to the different chitosan 
solutions for 60 min at 37°C in air, the cell 
monolayers were rinsed twice with PBS and fixed in 1.5% 
15 glutaraldehyde and 1% osmium tetroxide, and immersed in 
1% uranyl acetate. Thin sections were examined with a 
Philips 420 electron microscope at 60 kV. 

In monolayers treated with 50 Jig/ml chitosan (DA=1%, 
20 Mw=31000) and chitosan (DA=1%, Mw=170000) 

discontinuities in and reduced number of microvilli 
were observed, while the terminal web showed a 
disorganized pattern. The tight junctions appeared not 
to be effected. Following treatment with 50 fig/ml 
25 chitosan (DA=35%, Mw=170000) , and 250 jig/ml chitosan 
(DA=49%, Mw=98000) the structural changes were not as 
pronounced. Microvilli and terminal web appeared 
normal. See figure 2 which is a transmission electron 
micrograph of a) control, cells (magnification 1950x) , 
b) cells treated for 60 min with 50 fig /ml chitosan 
(DA=1%, Mw=31 000) (magnification 2500x) and c) cells 
treated for 60 min with 50 fig/ml chitosan (DA=35%, 
Mw=170 000) (magnification 2500x) . Exposure to chitosan 
(DA=35%, Mw=5300); chitosan (DA=35%, Mw=12000) ; 
35 chitosan (DA=49%, Mw=22000) did not result in obvious 
structural changes. 
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Caco-2 cell monolayers were u-h 
5 and in particular intes ^^ « « — for mucosa! 
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and A is the surface area of the monolayer. 

The mannitol permeability of the Caco-2 cell monolayers 
could be improved by some but not all of the chitosans 
5 studied. Table 2 shows the mean permeability over 12 0 
min during exposure to 50 p,g/ml chitosan solution. The 
effect of the chitosans was dependent on both the 
degree of acetylation and the molecular weight of the 
polymer. At a concentration of 50 jig/ml, chitosans 

10 with a low degree of acetylation showed a clear effect 
on mannitol transport. Chitosan (DA=1%, Mw=31000); 
chitosan (DA=1% / Mw=170000) ; chitosan <DA=15%, 
Mw=4700); chitosan (DA=15%, Mw=190000.) ; showed a mean 
Papp between 0 and 120 min that was increased 5.5- to 

15 16.1-fold, as compared to control. Chitosans with a 

larger degree of acetylation and a low or intermediate 
molecular weight, such as chitosan (DA=35%, Mw=5300) , 
chitosan {DA=35%, Mw=12000) and chitosan (DA=49%, 
Mw=22000) did not influence mannitol transport 

20 significantly at concentrations of 50 jig/ml. Chitosan, 
however, with a high molecular weight and intermediate 
degree of acetylation (DA=35%, Mw=170000) strongly 
increased the Papp of mannitol. Chitosan with a very 
large degree of acetylation, but also a high molecular 

25 weight (DA=49%, Mw=98000), showed a small but 

significant increase in mannitol transport at 50 M,g/ml. 

Table 2: Effect of different chitosans at a 
concentration of 50 |ig/ml on the permeability of 
30 mannitol across Caco-2 cell monolayers. 
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Chitosan 
(Jig/ml) 



18 



Degree of Molecular 
acetylation weight 
(%) 



50 


1 


50 


1 


50 


35 


50 


35 


50 


35 


50 ; 


49 


50 


49 


50 


15 


50 


15 



Papp x 10E7 
(cm/sec) 



Ratio 
Papp 

chitosan 
/Papp 
control 





2.2 ± 0.2 


1 


31000 


28.9 ± 5.8 


13.2 


170000 


24.0 ± 0.7 


10.9 


5300 


2.3 ± 0.8 


1.1 


12000 


2.7 ± 0.2 


1.3 


170000 


29.0 ± 3.8 


13.2 


22000 


4.8 ± 4.4 


2.2 


98000 


9.0 ± 1.4 


4.1 


4700 


12.8 ± 3.4 




190000 


35.5 ± 10.4 





The mean Papp for 14 C-mannitol are calculated over the 
total 120 min. period of the experiments. The Papp 
values are given as the mean ± s.d. of 3-4 experiments. 



Bxample 4: Absorption enha n cement of chitosan* - 
concen tration depend^nry 

Mannitol transport experiments were performed with 
different concentrations of chitosans to study the 
concentration dependency of the absorption enhancing 
effect. The chitosans used in the experiments are 
described in example 1. Solutions having a 
concentration of 10, 50 and 250 jig/ml were prepared 
according to example 1. The transport experiments were 
sxmilarly performed as in example 3. 
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The chitosan effect on mannitol transport was 
concentration dependent. The effect of chitosans at 3 
different concentrations 10, 50, and 250 Jig/ml on the 
Papp of mannitol across Caco-2 cell monolayers are 
5 shown in Figure 3. The Papp is calculated as the mean 
Papp during the 120 min time period of the experiment. 
The data are given as the mean ± s.d. of 3-4 
experiments. ( I ) chitosan (DA=1%, Mw=31000) ; ( f ) 
chitosan (DA=1%, Mw=170000) ; { 0 ) chitosan (DA=15%, 
10 Mw=4700); ( ▼ ) chitosan (DA=15% / Mw=190G00); ( a ) 
chitosan (DA=35%, Mw=12000) ; ( ♦ ) chitosan <DA=35%, 
Mw=170000); ( □ ) chitosan (DA=49% / Mw=22000) ; ( o ) 
chitosan (DA=49%, Mw=98000); ( a ) chitosan (DA=35%, 
Mw=5300). 

15 

A 10 jig/ml dose gave a small increase in mannitol 
transport for chitosan (DA=1%, Mw=31000), chitosan 
<DA=1%, Mw=170000), and chitosan (DA=15%, Mw=190000) 
while all other chitosans did not have an effect at 

20 this concentration. At 250 ^ig/ml chitosan (DA=1%, 
Mw=31000), chitosan {DA=1%, Mw=170000), chitosan 
(DA=15%, Mw=4700) and chitosan (DA=15%, Mw=190000) 
increased the permeability to about 50 to 60 times the 
control value. For chitosan (DA=35%, Mw=170000) the 

25 mean Papp at 250 [ig/ml was not significantly different 
from the Papp value obtained with 50 fig/ml . Chitosan 
(DA=49, Mw=98000) increased the Papp approximately 10 
times at 250 Jig/ml. 

30 

Example 5: Absorption enhancement of chitosans - onset 
of action of increased epithelial permeability 

Similar transport experiments as described in example 3 
35 were done to study the onset of action of increased 
permeability of chitosans. The chitosans used in the 
experiments and the preparation of the different 
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t 

solutions are described in example i. 

"though the n,ean Papp measured over 120 min was 

IDA-ll, MW-X70000). chitosan ,«.„,, m^joooo) at a 
concentration of, SO and chitosan ,DA-49% 

M^SOOO, at a concentration or 2S0 M/al tB " 
PermeabrUtxes at 20 »in a£ter the start of the 
extent were very different. Papp vUues at 20 m 

intern ^ CablB ^ EXPO>U " "> 

we OhT C r: 5 de ! ree «* - TOle cu2ar 

wexght , DA=35 , „„ =170000) showed a ^ st r 

increase in permeability after 20 min than all other 
ohrtosans (compare fipure 3 and cable 2 with table 3, 
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Table 3: Effect of different chitosans on the 
permeability of mannitol across Caco-2 cell monolayers 



5 



10 



15 



arcer 


min exposure . 








Chi tosan 

>— »li L W Qui! 




noiecuiar 


fapp x 1UE/ 


Ratio 


(Hg/ml) 


acetylation 


weight 


(cm/sec) 


Papp 




(%) 






chi tosan 










/Papp 










control 


control 






2.1 t 0.5 


1 


50 


i 


-5i Ann 


4.4 I U . 0 


1 . o 


50 


1 


170000 


3.9 ± 0.4 


1.4 


50 


35 


5300 


3.3 ± 0.8 


1.2 


50 


35 


12000 


2.9 ± 0.2 


1.1 


50 


35 


170000 


* 

8.4 ± 1.8 


3.1 


50 


49 


22000 


1.7 ± 0.3 


0.6 


250 


49 


98000 


3.8 ± 0.7 


1.4 


50 


15 


4700 


4.3 ±1.0 




50 


15 


190000 


5.0 ± 0.4 





The Papp for 14 C-mannitol are calculated over the first 
20 min period of the experiments. The Papp values are 
given as the mean ± s.d. of 3-4 experiments. 

Exampl e 6: Absorption enhancement of chitosans - effect - 
on the epithelial permeability of atenolol 

Just before the start of the experiments chitosan 
(DA=1%, Mw=31.000) and chitosan (DA=35, Mw=170.000), as 
described in example 1, were diluted from stock 
solutions with HBSS pH=5.5 to a concentration of 50 
Hg/ml, as described in example 1. Caco-2 cell transport 
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experiments were performed, subsequently, as described 
in example 3. Atenolol concentrations were determined 
usxng HPLC consisting of a RP Ultrasphere ODS 5 ^m (4 6 

mm x 25 cm) column connected to a UV detector 
5 Absorption was measured at 270 am. The mobile phase 

consisted of phosphate buffer (pH=3, and acetonitrile 

m a ratio of 90:10. 

10 H g Z e y ^ V" ^ ° f aten ° 101 during *> 
50 chltosan solution. The data g . ven ^ ^ 

± SD of 4 experiments. In figure 4 the different curves 
relate to (x, control; (■) chitosan (DA=1%, Mw=31000) • 
and (♦> chitosan (DA=35, Mw=170000) . The permeability' 
of the Caco-2 cell monolayers was low (0.5-l.OxlO" 7 ) 
The permeability could be improved, however, by 
chxtosan <DA=1%, Mw=31.000) and chitosan (DA=35 
Mw=170.000). Similarly, as observed for mannitol 
permeability the effect of chitosan (DA-35, Mw=170.000) 
was larger than the effect of chitosan (DA=1%, 
Mw=31.000, during the early stages of the experiment 
For chitosan (DA=35, Mw=170.000) the atenolol 
permeability did not increase further after 20 min 
exposure, while for chitosan (DA=1%, Mw=31.000) 
atenolol permeability kept increasing until the end of 
the experiment. 
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CLAIMS 

1. A pharmaceutical formulation c h a r a c- 
5 terizedin that it comprises a chitosan polymer 
having a degree of acetylation of between 20 and 45% 
and a molecular weight of above 75,000, and a 
therapeutic active agent. 

10 2. A pharmaceutical formulation according to claim 1 
characterized in that the degree of 
acetylation of the chitosan polymer is between 30 and 
40% 

15 3. A pharmaceutical formulation according to claim 1 

characterized in that the molecular weight 
of the chitosan polymer is between 75,000 and 250,000, 
and preferably between 98,000 and 200,000. 

20 4. A pharmaceutical formulation according to claim 1 
characterized in that the therapeutic 
active agent is selected from the group drugs, 
vaccines, proteins, peptides and fragments thereof. 

25 5. A chitosan polymer for preparing the formulation 

according to claim lcharacterizedin that 
it is a chitosan polymer having a degree of acetylation 
of between 20 and 45% and a molecular weight of above 
75,000. 

30 

■ 6. A chitosan polymer according to claim 5 c h a r a c- 
terizedin that the degree of acetylation of 
between 30 and 40%. 

3 5 7. A chitosan polymer according to claim 5 c h a r a c- 
terizedin that the molecular weight is between 
75,000 and 250,000, and preferably between 98,000 and 
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200, 000. 



3 



8- Use of a chitosan poller according to claim S ■ 
the manufacture of * n K= 5 ln 

comprise . Pharmaceutical formulation 

compnsxng a chxtosan polymer having a degree of 
acetylation of between 20 and 45% aid „ , 
weiaht- v and a molecular 

9ht ° £ 7S '° 00 « d - therapeutic active a 3 ent. 

». A method for enhancing the absorption of a 
therapeutic active agent by adminiaterin, a .uffici 
amount of a formulation comprising a chUosJ TUl 
having a decree of ^ ■ 1Cosan Polymer 

and .' ,T ace tyU tl on of between 20 and 45% 
and a molecular weight of above 75,000 and said 
therapeutic active agent to a ho«- • 
therapeutic treatment " ° f SUCh * 
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